Stepping inverse scattering technique is utilized to detect the presence of malignant tumor in a scattered fibroglandular tissue of the breast. A 2D slice on the coronal plane from the 3D numerical scattered fibroglandular breast phantom is selected. The tumor is added into breast phantom with low contrast between the normal breast and malignant tumor tissue. Through numerous simulations, FBTS technique showed the ability to identify the presence of 6mm in diameter tumor embedded in fibroglandular tissue of the breast at low frequency. As frequency increases, this technique was unable to reconstruct the object under test (OUT) accurately. In order to solve this problem at higher frequency, Frequency-Hopping approach is then applied to integrate with the FBTS technique. The presence of tumor successfully detected and computational time is also reduced.
I. INTRODUCTION
Breast cancer still remain the major cause of death among women worldwide since 1940's [1] . In 2012, breast cancer recorded approximately 1.7 million (12.14% of all cancers) of new cases and 522,000 (6.53% of all cancers) breast cancer related deaths among women [2] . Asian countries have the highest breast cancer incidence rate (39%) and mortality rate (44%) compared to European countries with incidence rate (28%) and mortality rate (25%) [3] . Among the Asian countries, Philippines recorded highest rate for both incidence and mortality which are 58.5 and 16.5 (AgeStandardized Rate (ASR) World per 100,000 females) respectively, followed by Singapore in year 2006 to 2007 [3] .
In Malaysia, the National Cancer Registry (NCR) [4] reported that the breast cancer incidence is the highest which contributes 16.5 % of all cancer cases registered. There were 3,525 female breast cancer cases in Malaysia and this made the breast cancer ranked 1st which contributes 29.9 % of new cancers. Breast cancer was the commonest cancer in all ethnic groups and in all age groups in females from the age of 15 years onwards. The overall AgeStandardized Incidence Rate (ASR) was 39.3 per 100,000 populations. The incidence of breast cancer increased steadily starting from age of 30 years with a peak age specific incidence rate in between 50 and 59 age groups. The situation is similar amongst the Malays, Chinese, and Indians.
Mammogram is a technique of screening examinations to find cancers before they start to cause symptoms. However, this technique is not effective in detecting tumor for women with dense breast tissue [5] . As reported in [6] and [7] , this technique may have high false reading rates up to 15%. In addition, this technique is also sensitive to the presence of lesions in the breast. It cannot demonstrate that the lesions are malignancy. A method called biopsy need to be taken to affirm possibly whether it is a cancer or not where a modicum of tissue is evacuated to look under the magnifying instrument. Most of the women found that it is painful, uncomfortable and also concerns on the exposure to ionizing radiation [8] . Other than that, MRI is one of the testing options for breast cancer diagnosis. However, not all cancers can be detected by MRI. MRI gives an increasing of false-positive (lump but not cancer) results that will lead to unnecessary biopsies.
Based on [9] , it states that the density of breast is one of the risk factors causing missed cancers (false-positive and false-negative) in mammographic interpretations. Breast density is referred as the amount of fibroglandular tissue seen on mammogram. As stated by American College of Radiology [10] , estimated 40% of women in US have heterogeneously dense breast tissue and scattered fibrous tissue, compared to 20% of women have extremely dense and mostly fatty breast tissue. Having a higher density of the breast may increase the risk of getting breast cancer [11] [12] [13] , thus knowing which classes of breast density are very important to prevent it. Besides that, breast density can vary with time and hormonal status and will greatly increase due to pregnancy and lactation.
Due to the limitations of the above mentioned methods, many microwave engineers interested to use microwave imaging technique for early breast tumor detection. This technique has the possibility to identify breast tumor due to large contrast shown by the tumor with respect to normal breast in microwave frequencies compared to X-ray frequencies. In addition, low-cost and safe utilization of microwave equipment and low-level signals are enabled the microwave-based imaging to be used for the breast cancer detection. There are successful techniques among the existing microwave imaging techniques such as ultrawideband radar and frequency-domain inverse scattering techniques for cancer detection. Ultra-wideband radar based technique able to identify the presence and location of backscattered energy from malignant breast tumors using microwave imaging via space-time (MIST) in [14] and timereversal multiple signal classification (TR-MUSIC) in [15, 16] while frequency-domain inverse scattering technique able to reconstruct a 2mm radius of tumor due to the dielectric contrast of tumor is high relative than the normal breast tissue [17] . Time-domain scattering data contains more information as compared to a single frequency scattering data. Hence, electromagnetic imaging in time-domain has the potential to reconstruct electrical parameter profiles more accurate. This paper focuses on the Forward-Backward TimeStepping (FBTS) technique which combines the advantages of both techniques to overcome the inverse scattering problem in time domain. The technique applied for onedimensional (1D) case was reported by Takenaka et al. [18] . It has been extended for reconstruction breast model in twodimensional (2D) cases [19] [20] [21] . Thus, in this work, the 2D FBTS is utilized for the numerical scattered fibroglandular breast in a free space and then applied the Frequencyhopping approach to enhance the resolution of image reconstruction. This paper demonstrates the ability of FBTS algorithm utilizing frequency hopping approach to detect the presence and location of the tumor in a scattered fibroglandular breast tissue at higher frequencies.
II. INVERSE SCATTERING TECHNIQUE
The Forward-Backward Time-Stepping (FBTS) technique is used to solve the inverse scattering problem in the time domain by applying the broadband microwave signals for breast image reconstructions. The aim for any electromagnetic inverse scattering problem is to determine the shape, location and electrical properties of the breast provided from the reconstructed image. Figure 1 shows the setup of an active microwave tomography for FBTS inverse scattering problem. The breast is assumed to be surrounded in a free space and it is illuminated successively by M short pulsed waves generated by current sources sm(r,t) located at
The main challenge in solving inverse scattering problem is to reconstruct the electric properties' profile from the knowledge of the transient field data measured at several observation points for each illumination. The currents are assumed to be generated at t = 0 for the initial condition and there are no electromagnetic fields found before time, t = 0. Then, the total electromagnetic fields vm(r,t) for the m th current source sm(r,t) satisfy the following Maxwell's equations:
Under zero initial condition for 
where p is the dielectric properties,
is a nonnegative weighting function which takes a value of zero at time t = T (T is the time duration of the measurement) and ( ) Frequency-hopping approach is then applied to deal with multi frequency microwave measurement data to reconstruct large dielectric bodies for microwave imaging with higher fidelity as compared to a single frequency reconstruction. This approach uses only data at a few frequencies and reduces data acquisition time in a practical system. The frequency of the illuminating field needs to be increased for the resolution in the reconstructed image to be improved. As stated in [22, 23] , low frequency is used for imaging of large structures and high contrast objects while high frequency is then used in interpreting the initial guess from the reconstruction at low frequency for the proceeding iterations. The comparison of the performance between FBTS and FBTS utilizing Frequency-hopping approach is then evaluated by using the Mean Square Error (MSE) and Peak Signal to Noise Ratio (PSNR) as follows: 
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III. RESULTS AND DISCUSSION
The numerical phantom repository of the scattered fibroglandular breast phantom is taken from the University of Wisconsin-Madison Computational Electromagnetics (UWCEM) [24, 25] . This breast phantom is derived from a series of T1-weighted magnetic resonance images of patients in a prone position. Each phantom comprises a 3D grid of cubic voxels, where each voxel is 0.5mm × 0.5mm × 0.5mm. The breast model includes a roughly 1.5mm thick skin layer, a 1.5cm thick subcutaneous fatty layer at the base of the breast, and a 0.5cm thick muscle chest wall. Debye parameters are applied to describe the dispersive breast tissue dielectric properties and were incorporated into FDTD scheme used for simulations of microwave breast cancer detection. The conversion to single-pole Debye parameters is done to transform the voxel intensities within the 3D anatomical model from spatial distributions to dispersive dielectric properties. In order for the phantom to satisfy the FDTD grid size, the pixels of this phantom are resized from 0.5mm × 0.5mm × 0.5mm to 1.0mm × 1.0mm × 1.0mm resolution by using linear interpolation method. This is to achieve a 3D grid of 1.0mm cubic voxels while preserving the dimensions of the model. Then, a 2D slice on the coronal plane is selected for this work.
Reconstruction of a 2D numerical scattered fibroglandular breast model is done to illustrate the capability of the FBTS technique to detect the location of the tumor in a scattered fibroglandular breast tissue. The breast tissue is assumed to be immersed in a free space medium with relative permittivity, εr=1.0 and conductivity, σ=0.0. It was surrounded by sixteen antennas as shown in Figure 1 . Each antenna is operated sequentially as a transmitter and the signal received at the remaining fifteen antennas where it contributes to a total of 240 combinations between transmitters and receivers. The FDTD lattice consists of a grid size with 1.0mm × 1.0mm configuration and surrounded by the Convolutional Perfectly Match Layer (CPML) to prevent the reflection of the signal at the boundary of the environment. A sinusoidal modulated Gaussian pulse is excited to transmit signal with center frequency, fc of 1GHz and a bandwidth of 1.3GHz. The optimization was carried out up to 200 iterations.
A tumor with 6mm in diameter is embedded in the fibroglandular tissue region. The dielectric properties were set with 10% increment from the fibroglandular tissue. Figure 2 illustrates the relative permittivity and conductivity of a scattered fibroglandular breast with the presence of tumor. Figure 3 through Figure 5 show the reconstructed images using the FBTS method. The simulations were carried out at different frequencies from 1GHz to 3GHz. From the results as shown in Figure 3 , the presence of tumor can be detected at 1GHz. As frequency increases, the results demonstrated that the FBTS technique was unsuccessfully reconstruct the composition of breast tissue due to a high difference of dielectric properties of the fibroglandular tissues and fatty tissues. Thus, Frequency-Hopping approach is incorporated with FBTS algorithm to enhance the image reconstruction at higher frequencies. As shown in Figure 6 and Figure 7 , the relative permittivity and conductivity were successful reconstructed utilizing the Frequency-hopping approach. Hence, the presence of tumor was successfully detected in the fibroglandular tissues in the breast. Table 1 shows a decline in MSE values and a rise in PSNR values for relative permittivity and conductivity after utilizing Frequency-Hopping approach. The values obtained clearly shown that the reconstructed image was improved compared to the reconstructed image without utilizing the Frequency-Hopping approach. 
IV. CONCLUSION
The numerical iteration technique employing the FBTS algorithm proved the ability to reconstruct the breast composition of the scattered fibroglandular breast model. From the results obtained, it showed that the resolution of the image reconstruction at high frequency can be improved by incorporating Frequency-Hopping approach with FBTS inversion technique. Besides, the location of tumor also successfully detected within the scattered fibroglandular breast model. 
